MLCK isoform has a molecular mass of ~210 kDa, and it is identical to the short MLCK except for a unique N-terminal extension of ~900 residues. In this extension region, there are six immunoglobin-like modules, a DVRXXL motif and a DFRXXL motif (usually called 2DFRXXL motif). There is evidence that demonstrated the importance of both 5 DFRXXL of long MLCK and 3 DFRXXL of short MLCK in F-actin binding [20, 21] ; each DFRXXL may bind to a single actin monomer in an actin filament [22] . Both 5 DFRXXL and 3 DFRXXL are sufficient for MLCK's binding to actin filament with maximal binding stoichiometries [23] . It is hypothesized that binding to F-actin via DFRXXL and to myosin via telokin facilitates RLC phosphorylation by MLCK. When the 5DFRXXL region was deleted, the full length or N-terminus of long MLCK could still bind to stress fiber, implying the existence of a novel binding motif in the extension region [23] [24] [25] . Furthermore, Poperechnaya et al. found that, in dividing cells, the extension region was required for MLCK localization to the cleavage furrow. Therefore, they proposed that non-muscle cells utilize different mechanisms for targeting the long MLCK to actomyosin structures during interphase and mitosis [24] . Currently, the exact function of the extension region of long MLCK remains largely unknown. To understand its possible function, it is necessary to elucidate its binding properties. In order to elucidate its possible functions, we performed a detailed characterization of the F-actin binding properties of MLCK's N-terminal extension. We first identified its minimal binding motif, and then determined its binding stoichiometries and ability of F-actin bundle formation. Our results indicate that smMLCK is a potent F-actin bundling protein and may play a role in cytoskeleton organization.
Materials and methods

Extraction of smooth muscle myofilaments
The myofilaments were prepared according to the methods described previously [23] . Briefly, chicken gizzards were homogenized in 10 mM MOPS, pH 7.5, 50 mM NaCl, and 1 mM dithiothreitol (DTT) at pH 7.5 with a homogenizer and centrifuged at 17 400×g for 10 min at 4 ºC. To dissociate endogenous MLCK, the resultant pellets were homogenized in 10 ml buffer containing 10 mM Tris-HCl, pH 7.5, 2 mM EGTA, 2 mM DTT, 50 mM MgCl 2 and 3% Triton X-100. After washing in the same buffer five times, the myofilaments were then washed three times in 10 mM MOPS, pH 7.5, 2 mM EGTA, 2 mM DTT and stored in the same buffer.
F-actin cross-linking
G-actin from rabbit skeletal muscle was prepared according to the methods described previously [26] . Purified G-actin was determined by non-reduced SDS-PAGE and the purity was higher than 98%. F-actin was polymerized by dialysis with polymerizing buffer (50 mM KCl, 1 mM MgCl 2 , 1 mM EGTA, 15 mM imidazole, 0.2 mM Na 2 ATP, 1 mM DTT, 1 mM Tris-HCl, pH 7.5) for 30 min at room temperature and centrifuged at a low speed (12 000×g) for 10 min to eliminate potential pellets formed by dialysis. Under our condition, there was no obvious F-actin detected in the pellet fraction. Increasing concentrations of 1Ig or 2Ig peptide (1-4 µM), which was dialyzed against MOPS binding buffer (10 mM MOPS, 100 mM NaCl, 1 mM EGTA and 1 mM dithiothreitol), were incubated with 6 µM F-actin at 25 ºC for 1 h in the MOPS binding buffer. The reaction mixtures were centrifuged at 12 000×g for 30 min. The proteins in pellet and supernatant fractions were separated by SDS-PAGE and stained with Coomassie brilliant blue R250. The relative actin contents in the pellet and supernatant fractions were quantified by densitometry.
Construction of MLCK-GFP variants
As described in our previous report [23] , pEGFP-MLCK210 plasmid contains the full length of L-MLCK gene driven by CMV promoter, and pEGFP(N-term)MLCK plasmid contains the Nterminal six Ig-like motifs of long MLCK. In order to construct pEGFP(2DFRXXL)MLCK plasmid, a fragment of long MLCK (from 2 352 to 2 802nt) was amplified by PCR reaction with primer pairs: 5′ GCA AAA TGA AGA TAT CTT CAC ACT G 3′ and 5′ GGA TCC CCT TGC TCG GCT GGG ATT TC 3′, and subcloned into TOPO vector and then digested by EcoR V/BamH I. The digested fragment was ligated to pEGFP(N-term)MLCK plasmid digested with the same enzymes; pEGFP-427 MLCK was made by removing the region from EcoR I to BamH I site (1 277-2 639nt) of pEGFP(N-term)MLCK, and then self-ligated with the vector after blunting the ends. For pEGFP-4Ig construction, pEGFP(N-term)MLCK was digested with EcoR I and then ligated with an adaptor made by annealing two oligos, 5′ AAT TGT TAT GGC 3′ and 5′ AAT TGC CAT AAC 3′. In order to make a mutant vector containing the first two Ig-like modules (1-251nt) of long MLCK, pEGFP-427MLCK was digested with EcoR I/Sph I and the released fragment was subcloned into pGEM3z and then released by EcoR I/Hind III, in which the Hind III end was blunted by a klenow fragment. The fragment was ligated with pEGFP (N-term) MLCK vector, in which pre-existing MLCK fragment was deleted by digestion with EcoR I/BamH I (BamH I end was blunted). The resultant plasmid was called pEGFP-251MLCK. To make pEGFP-125 MLCK plasmid, an MLCK fragment (from 362 to 1281nt) was obtained by PCR with primer pairs 5′ GAA TTC TTG AAG AAA TAC AG 3′ and 5′ GGA TCC ATT CCC AAA GGC TC 3′, and subcloned into TOPO vector and then the EcoR I/BamH I fragment was inserted into pEGFP(N-term)MLCK vector digested with EcoR I/BamH I. Both pEGFP-200MLCK containing the intact first Iglike module and half of the second Ig-like module (1-200 aa) and pEGFP108MLCK containing the intact first Ig-like module only (1-108 aa) within the N-terminus were constructed by subcloning MLCK fragment amplified from MLCK cDNA.
All the constructs above were sequenced and confirmed to contain correct sequences of reading frames. The expressed products were verified by Western blotting with anti-GFP monoclonal antibody, as shown in Figure 1 .
Construction of expression plasmids of MLCK fragments
To express HA-tagged MLCK peptide, the oligos of 5′ GAT CCA TGT ACC CAT ACG ATG TTC CAG ATT ACG CTC TTT G 3′ and 5′ AGC TCA AAG AGC GTA ATC TGG AAC ATC GTA TGG GTA 
Protein expression and purification
Recombinant plasmids harboring 1Ig or 2Ig were transformed into BL21(DE3) cells and induced by 0.5 mM isopropyl-1-thio-D-galactopyranoside (IPTG) as described [27] . The bacteria were harvested by centrifugation at 8 000×g for 10 min, resuspended in lysis buffer (20 mM TrisHCl, pH 8.0, 0.1% lysozyme) and lysed by ultrasonication at 4ºC. The suspension was then centrifuged at 12 000×g for 10 min at 4 ºC. The proteins were purified by using histidine affinity column (His×Tag) chromatography (Novagen) and dialyzed against MOPS buffer (10 mM MOPS, pH 7.5, 50 mM NaCl, 1 mM MgCl 2 , 1 mM DTT, 0.1 mM EGTA) and stored at -80ºC. The protein concentrations were quantified with BCA kit (Pierce Inc.), the protein purities were determined by SDS-PAGE and the purity was always higher than 95%.
Co-sedimentation assay [23, 28] Various amounts of recombinant peptides were mixed with 0.7 mg/ml myofilament containing 6 µM of F-actin in a final volume of 100 µl binding buffer (10 mM MOPS, pH 7.0, 50 mM NaCl, 1 mM MgCl 2 , 1 mM DTT, 0.1 mM EGTA, 10% glycerol and 0.5 mg/ml bovine serum albumin). The mixture was incubated for 30 min at 4 ºC. The reaction mixtures were then centrifuged at 17 400×g for 5 min at 4ºC. The pellets were washed briefly and resuspended in 100 µl binding buffer. Equal amounts of samples (30 µl) from supernatant fraction and pellet suspension were subjected to SDS-PAGE and Western blot assay. The primary antibody for detecting the peptides was anti-HA monoclonal antibody (Chemicon Inc.) and the secondary antibody we used was HRP-labeled goat anti mouse antibody (Sigma Inc.). The peptides in both supernatant and pellet fractions were detected by Western blotting assay. The positive bands were visualized by ECL at different exposure times and quantified by densitometry. To prevent the effect of overexposure on quantification accuracy, standard linear regression curves against density values and amounts of peptides were plotted, and optimized with different exposure times. The optimized curves were used as standard quantification curves. Values of KD and Bmax were estimated for individual experiments subjected to Scatchard analysis. To determine stoichiometry of binding to F-actin, similar co-sedimentation assay was performed.
Cell culture and transfection
Twenty-four hours before transfection, NIH3T3 cells were seeded into 60 mm tissue culture dishes at a density of 3×10 5 in 5 ml DMEM medium containing 5% fetal bovine serum and 100 U/ml penicillin-streptomycin. LipofectAmine Plus (Invitrogen Co.) was used for transfection according to the manufacturer's protocol. COS-7 cells were transfected with 3 µg plasmid and 4 µl Fugene-6 (Roche Biochemicals) according to the manufacturer's manual.
Cell imaging
Fluorescence imaging of transfected NIH3T3 cells with different MLCK-GFP variant constructs was performed using a fluorescence microscope as described previously [21, 23] . Twelve-bit images were obtained with a CCD camera (Quantix Photometrics; Tucson, AZ) and Oncorimage software (Oncor; Gaithersburg, MD). Narrow bandpass interference filters (Omega; Brattleboro, VT) were used to detect GFP (490 nm excitation and 520 nm emission) and rhodamine (550 nm excitation and 575 nm emission). During image collection, cells were kept at 37 ºC in an open thermal-controlled chamber (Custom Scientific; Dallas, TX). Cells were subsequently treated with a buffer containing 0.02% saponin in 20 mM PIPES, pH 6.8, 4 mM EGTA, 90 mM K + gluconate, 5.3 mM Na 2 ATP, 5 mM MgSO 4 , 0.1% bovine serum albumin, 0.1 mM phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin and 10 µg/ml of aprotinin for 4 min at 37ºC. The cells were then washed three times with the buffer in the absence of saponin, and then images were obtained.
Localization of microfilament binding in cells
Culture medium was removed from dishes and replaced with serum-free medium containing 1 µM latrunculin B. The medium was removed again and washed once with pre-warmed PBS. The cells were made permeable with PBS containing 0.1% Triton X-100 for 1 min and fixed with 1% paraformaldehyde for 30 min. After blocking with 1% glycine and 1% BSA solution sequentially, MLCK peptides were incubated with the cells and the bound peptides were determined with anti-HA monoclonal antibody and visualized by FITC-labeled secondary antibody. For 1Ig binding experiment used as negative control, the same methods were carried out. To determine F-actin fibers, rhodamine-labeled phalloidin was stained for 10 min and washed twice with PBS before confocal microscopy (Leica TCS-SL).
Morphological observation of F-actin bundle formation
To determine bundle formation morphologically under a confocal microscope, a modified method was used [29] . Briefly, 4 µl of 5 µM rhodamine-labeled phalloidin in methanol was dropped on a coverslip and allowed to dry for 1 h. A thick layer of vaseline was applied around the phalloidin. F-actin was polymerized in polymerizing buffer for 1 h at room temperature. Various amounts of recombinant peptides were mixed with 6 µM of F-actin. After reaction for 1 h at room temperature, the mixture was loaded on top of dried rhodaminephalloidin. The mixture was polymerized for 1 h at room temperature and examined with a confocal microscope (Leica TCS-SL). For 3D imaging, a stack of 20-100 frames was collected with an interval of 100 nm between adjacent slices. For determining the F-actin bundles under an electron microscope, the previously reported method [29, 30] was used. Briefly, various amounts of peptide were incubated with 6 µmol/L of polymerized F-actin for 1 h at room temperature. Mixtures were pelleted down at 14 000×g for 20 min. The supernatant was discarded, and the pellet was resuspended in the original volume of polymerization buffer. A 10 µl of liquid specimen was placed onto a sheet of parafilm and undisturbed for 30 s. After removing excess fluid with filter paper and washing the grid in water, the specimen was negatively stained with 2% uranyl acetate for 1 min and allowed to dry. Specimens were observed in a transmission electron microscope (JECL JEM-1200EX).
Results
Intact 2Ig fragment of MLCK N-terminus is sufficient for microfilament binding
Using imaging analysis, previous data showed that L-MLCK's N-terminus that lacked DFRXXL motifs also bound microfilament in cells, suggesting the existence of a novel-binding motif [23] [24] [25] . To identify the minimum microfilament-binding region, we made a set of expression vectors that encode truncated N-terminal extension fragments ( Figure 1A ). COS-7 cells were used for the transfection experiments, and the recombinant proteins in cell lysate were confirmed by Western blot assay with anti-GFP monoclonal antibody ( Figure 1B) .
To determine the binding ability of each truncated peptide to stress fibers, plasmid DNA constructs were transfected into NIH3T3 cells and results showed that pEGFP251MLCK transfected cells exhibited obvious fluorescent stress fibers, whereas pEGFP108MLCK and This showed that the two intact Ig domains in the N-terminus were sufficient for binding to stress fiber.
To determine the specificity of 2Ig binding ability, the cells were made permeable by saponin treatment to release the unbound fluorescent protein from cytoplasm. The fluorescence in the stress fiber of the pEGFP251MLCK-transfected cells remained unchanged when the cells were made permeable, and the GFP signal was co-localized with the cellular microfilament visualized by rhodaminelabeled phalloidin. In contrast, the cells transfected with pEGFP108MLCK or pEGFP4Ig plasmid showed no GFP fluorescence in the stress fiber in both intact and permeable conditions ( Figure 3 ).
Disassembling of microfilament blocks 2Ig binding to filament
The co-localization of the first two Ig fragment (pEGF-P251MLCK) and six Ig fragment (pEGFP(N-term)MLCK) 1Ig peptides tagged by HA were expressed in E. coli. BL21(DE3) and the recombinant peptides were confirmed by SDS-PAGE and Western blotting with anti-HA monoclonal antibody, as shown in Figure 5 (A and B) . These peptides were subject to sedimentation assay. 2Ig peptide co-sedimented with myofilament, and the maximal amount of 2Ig binding was about 0.06 mol of peptide/mol of actin lower than that of 5DFRXXL peptide (0.21 mol of peptide/mol of actin, [23] ). As shown in Figure 6A and Table 1 , the results also showed that 2Ig has a higher KD value (0.45 µM) than 5DFRXXL peptide (0.25 µM). 1Ig peptide did not co-sediment with myofilament. When concentrations of 1Ig peptide were increased to 3 µM in the assay mixture, weak binding could be detected and it was consistent with typical non-specific binding curve in terms of linear regression curve without saturation binding (data not shown). with microfilaments indicated that F-actin is the binding target of the 2Ig fragment of L-MLCK. To confirm this, F-actin in the microfilament of NIH3T3 cell was disassembled by latrunculin B treatment and we found that the binding of 2Ig peptide to the fibers was disrupted. No phalloidin-stained stress fibers was found in latrunculin B-treated cells, although amorphous F-actin aggregates could be observed (Figure 4) . Because microfilament is mainly distributed in the stress fiber, cell cortex and cell membrane edge, which could be observed in different cellular layers under a confocal microscope, we wanted to determine whether the 2Ig-bound microfilament also showed a region-specific pattern. At the bottom of cells, GFP signal (2Ig binding) were perfectly co-localized with red stress fibers (Figure 4) . At the middle layer, green fluorescence was distributed at the membrane edge and cortex region of cells and also perfectly co-localized with F-actin fibers. These results indicated that 2Ig binding is not stress fiber specific, but is general to all F-actin containing microfilament in different regions of the cell. Recombinant 1Ig peptide of MLCK did not bind F-actin microfilament of the cell (Figure 4 ).
2Ig peptides bind to F-actin filaments with high affinity
To quantify the myofilament-binding and F-actin-binding ability of 2Ig protein in vitro, recombinant 2Ig and
In addition to actin, myofilaments contain a set of associated proteins, such as myosin, actinin and fascin. To rule out the possibility that 2Ig peptide binds to myofilament indirectly by interacting with other filament-associated protein, pure polymerized F-actin was used for sedimentation assay. Similar results of stoichiometry of binding were obtained. The Bmax and KD are 0.08 mol of peptide/mol of actin and 0.4 µM, respectively ( Figure 6B and Table 1 ). The similarity in the KD and maximal amount of peptide binding suggested that the myofilament-binding capability of 2Ig peptide was due to its ability to bind F-actin and that F-actin was 2Ig's binding target.
Actin cross-linking
To assess the ability of 2Ig peptide to cross-link actin filaments, low-speed centrifugation assay was conducted as described previously [23] . Increasing concentrations of peptides were incubated with F-actin at a fixed concentration (6 µM). Both F-actin and peptides could only be detected in the sediments when the actin filaments were cross-linked with peptides and formed F-actin bundles. As shown in Figure 7 (A and B) , 3 µM 2Ig peptide crosslinked about 60% of F-actin. In contrast, when adding 1Ig peptide in the incubation buffer, F-actin in pellet fraction was not detectable (data not shown). Myofilament solution contained pre-existing filament bundles that pelleted down easily at low-speed centrifugation as mentioned above. Under our experimental condition, when myofilament was added to the binding buffer for 1 h, about 40% F-actin was disassociated from the myofilament bundles and remained in supernatant fraction during centrifugation. To determine the ability of 2Ig peptide to cross-link the disassociated F-actin in myofilament, we conducted a similar cross-linking experiment by adding peptides to a fixed concentration of myofilament (containing 6 µM of actin). As shown in Figure 7A and 7B, after adding 2Ig peptide to myofilament reaction mixture, the amount of F-actin was increased in the pellet and decreased in the supernatant as the peptide concentrations were increased.
Binding properties of 2Ig MLCK peptide. The 2Ig peptide was incubated with detergent-washed smooth muscle myofilaments or F-actin as described in Materials and Methods section. After sedimentation the amount of bound peptide was measured for KD and Bmax calculation. The values represent the mean±S.E. for at least four individual experiments. mM F-actin was mixed with 3 mM or 6 mM of 2Ig peptide and then loaded on a rhodamine-labeled phalloidin pre-treated slide. The Factin bundles formed were examined under a confocal microscope. R=0, R=0.5 and R=1 indicates that 0, 3 and 6 mM 2Ig peptide were added to 6 mM F-actin, respectively. (B) 6 mM F-actin was mixed with 6 mM 2Ig peptide and the bundles were examined under an electron microscope as described in the Materials and methods section. These experiments were repeated three times and similar results were obtained. Scale bar=100 nm. (Figure 9 ). Both short MLCK and long MLCK transfected cells showed spike formation, although long MLCK could induce spike formation to a greater extent ( Figure 9 ). In fact, figures from our previous report also showed such spikes upon closer examination [23] . Under our experimental condition, 2Ig expressing cells exhibited more numerous and longer spikes in comparison to those transfected with short and long MLCKs. The reason may be that the expression level of 2Ig is higher than that of short or long MLCK. In contrast, the Colon 26 control cells showed smooth edges ( Figure 9 ).
Discussion
It is proposed that MLCK binds to microfilament by targeting F-actin via the DFRXXL region, and binds to myosin filament by targeting light chain via Ig module at the very C-terminus of MLCK, which results in anchoring of MLCK for efficient phosphorylation of the regulatory myosin light chain [4] . The six Ig-like modules in the Nterminal extension of long MLCK are also sufficient for binding to microfilament. We systematically truncated the six Ig-like regions, and found that the first two Ig motifs were the minimal binding module. This conclusion was also strengthened by the other binding experiments described in this report. Further separation of these two motifs would lead to loss of microfilament-binding activity. As there is a host of F-actin binding proteins associated with microfilament, whether the 2Ig module binds to the fiber via F-actin directly or via F-actin-associated protein indirectly is not clear. Our results demonstrated that the 2Ig peptide not only bound to microfilament in cells, but also bound to purified F-actin and elicited F-actin bundle formation in vitro. When the cells in culture were treated with latrunculin B that disassembles actin filaments by sequestering 
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Similarly, there was no increase in the amount of F-actin in pellet when 1Ig peptides were added (data not shown). These results indicated that 2Ig peptide might contain at least two F-actin binding regions and they were sufficient for cross-linking actin filaments.
To determine the morphology of F-actin bundle formation, polymerized F-actin was mixed with different molar ratios of 2Ig peptide and the F-actin bundles could be visualized with rhodamine-labeled phalloidin and observed under a confocal microscope. The bundle formation could be observed clearly, and the amount and thickness of the bundles were increased as R (R, molar ratio of 2Ig peptide against F-action) increased ( Figure 8A ). Similar results were obtained by an electron microscope (TEM) ( Figure  8B ). When R=1, the diameter of F-actin bundle was estimated to be about 20 nm.
Taken together, the above results demonstrated that 2Ig peptide contained at least two actin-binding motifs, was sufficient for cross-linking actin filaments, and could act as an F-actin bundling protein.
Over-expression of 2Ig increases spike-like filopodia formation
Filopodium is a spike-like protrusion that contains compact F-actin bundle structure; it functions as a sensor of the local environment and has a mechanical role in cell protrusion [31] . For example, the F-actin bundle protein Fascin could elicit spike-like filopodia formation, which is important for cell migration [32] . In order to determine if 2Ig was able to induce spike formation, we transfected MLCK plasmids into Colon 26 cells and examined the cell morphology. 24 h after transfection, the cells were fixed with paraformaldehyde and stained with rhodamine-phalloidin. pEGFP251MLCK (2Ig) transfected cells showed clear spikes while pEGFP108MLCK (1Ig) transfected cells
npg monomeric actin, no binding was observed between 2Ig peptide and the microfilament. Thus, these results suggested that 2Ig was associated with microfilament by binding to F-actin directly.
The organization and behavior of actin filaments inside cells are determined by a remarkable array of actin-binding proteins (ABP). As a group of ABP, cross-linking (or bundling) proteins including fimbrin, villin, fascin and actinin play important roles in rearranging the three-dimensional organization of actin filaments. Short MLCK is capable of cross-linking F-actin fibers and forming bundles via its Factin binding site(s). It could be characterized as a member of actin-bundling proteins [23, 30, [33] [34] [35] . Interestingly, our report that N-terminal extension of long MLCK was also capable of cross-linking F-actin and had an ability to elicit F-actin bundle formation in vitro further strengthens this categorization. In the in vivo experiment, over-expression of 2Ig protein led to increased "spike" formation around the cell membrane. Such F-actin-rich spikes were very similar to filopodia that also contain dense F-actin bundles. Therefore, we propose that MLCK may function as an Factin bundling protein, because of its bundling formation ability from both 2Ig modules in N-terminal extension. As filopodia are important for cell migration and cytoskeleton re-organization, our result suggests a possible structural (cytoskeletal) role for MLCK in cell migration besides its well-known catalytic functions.
Both 3DFRXXL of short MLCK and 5DFRXXL of long MLCK are sufficient for F-actin binding. 3DFRXXL peptide showed a similar binding affinity to 5DFRXXL peptide. The similar KD values were determined to be about 0.16-0.22 µM in our previous experiments [23] . In this report, the KD of 2Ig was estimated as 0.40 µM. This result indicates an apparent binding affinity for 2Ig, but still lower than the 5DFRXXL region. As there is 5DFRXXL-like structure in the 2Ig region by sequence comparison, we speculate that the interaction of the N-terminus of long MLCK with F-actin has a binding mechanism different from that of DFRXXL. This is consistent with the fact that the full length of long MLCK has a greater affinity for microfilaments than short MLCK [24, 25] .
While we were completing the binding assay for this study, Kudryashov et al. reported that the N-terminus of long MLCK was able to bind to both F-actin and microtubules, and they proposed that long MLCK might be a potential cytoskeleton integrator through its unique N-terminal domain [36] . Surprisingly, the KD of N-terminal peptide for F-actin binding in their report was estimated to be 7.2 µM and Bmax was over 1.5 mol/mol of actin. Similarly, the KD value for microtubule binding was also up to 7 µM and Bmax was over 1.5 mol/mol of tubulin. Such binding parameters do not provide a convincing explanation for 2Ig binding properties because such weak binding affinity is unlikely to contribute to efficient binding to stress fiber and bundle formation. We suspect that the discrepancy between their report and our data is caused by different methods of synthesizing peptide as well as of different binding buffers. As there are several basic amino acids within the first Ig-like module of the N-terminus of long MLCK, the recombinant peptide can be easily precipitated. In our experiments, the recombinant peptides were purified from a soluble extract of E.coli induced at low temperature and the purified proteins were equilibrated thoroughly in MOPS binding buffer. This treatment may prevent autonomous pellet formation in our binding assay, as the pellet formation could result in artificial high KD and high Bmax. It is conceivable that the same could also take place for the microtubules binding assay. In fact, the pellets were formed even when no F-actin was added to the reaction as shown in Figure 6 A of their paper [36] . In addition, we failed to detect bound 2Ig peptide in tubulin pellets under our experimental condition (data not shown).
In summary, we characterized the binding properties of N-terminal extension of L-MLCK and found that the 2Ig module is the minimal binding region. L-MLCK could be a potent F-actin bundle protein through its function in the 2Ig module. These results may advance our understanding of the cellular functions of L-MLCK.
